Introduction {#S0001}
============

Trachoma, a neglected tropical disease, is caused by *Chlamydia trachomatis*, and is the leading infectious cause of blindness, accounting for 1.4% of the global burden of blindness.^[1](#CIT0001)^ It is characterized by chronic conjunctivitis that results in scarring of the conjunctivae, and, in some people, trichiasis (in-turned eyelashes) with consequent corneal scarring. The World Health Organization (WHO) recommends mapping of trachoma at district level^[2](#CIT0002)^ in areas where disease is suspected, for planning based on disease burden and/or documentation of elimination. Mapping data should help to focus efforts to achieve global elimination of trachoma as a public health problem by the year 2020.^[3](#CIT0003)^

The Global Trachoma Mapping Project (GTMP) commenced in 2012.^[4](#CIT0004)^ The GTMP's goal was to complete the global baseline trachoma map, in order to plan public health interventions and to mobilize resources for trachoma control.^[5](#CIT0005)^

Kaduna State, located in north-western Nigeria, has a population of 7,474,369 (2013 projection)^[6](#CIT0006)^ residing in an estimated 1,115,974 regular households located in 23 local government areas (LGAs).^[7](#CIT0007),[8](#CIT0008)^ Regular households consist of a group of persons living under the same roof with a recognized head, sharing a common catering arrangement and functioning as a social unit.^[8](#CIT0008)^ A previous population-based survey reported trachomatous corneal opacity as the 7th most common cause of low vision in the state (0.3% of low vision).^[9](#CIT0009)^ Kaduna has an eye care program that has provided eye care services, including lid surgery for trichiasis, over the last 20 years, largely in health facilities or during cataract outreach campaigns.

The aim of this study was to provide prevalence data on trachoma in all 23 LGAs of Kaduna State, as no previous trachoma-specific surveys had been conducted here. This should provide data to assist in decision-making with respect to local trachoma elimination. The objectives were to estimate the prevalence of trachomatous inflammation -- follicular (TF)^[10](#CIT0010)^ in children aged 1--9 years in each Kaduna LGA, to estimate the prevalence of trichiasis in persons aged 15 years and older in each Kaduna LGA, and to assess the water and sanitation coverage in each Kaduna LGA.

Materials and methods {#S0002}
=====================

Between May and June 2013, in each LGA, we conducted a population-based cross-sectional prevalence survey using GTMP protocols.^[11](#CIT0011)^

Sample size {#S0002-S2001}
-----------

Each LGA was considered as a separate evaluation unit. LGA populations ranged from 127,581 to 500,464, with an estimated 50% of the population aged 15 years and older.^[7](#CIT0007)^ As described elsewhere, for each LGA, the sample size for estimating TF prevalence required framing of sufficient households to reach an expected 1222 children aged 1--9 years.^[11](#CIT0011)^ To estimate trichiasis prevalence in persons 15 years and older, all eligible persons living in selected households were examined.

Ethical considerations {#S0002-S2002}
----------------------

The Ethics Committee of the London School of Hygiene & Tropical Medicine (reference 6319) and the National Health Research Ethics Committee of Nigeria (reference NHREC/01/01/2007) each granted approval for the study. The Kaduna State Ministry of Health granted administrative permission for the work to go ahead. Consent of participants was obtained verbally, with that for minors granted by parents or guardians; consent was documented in the LINKS Android smartphone application (app).^[11](#CIT0011)^ Participants found to have trichiasis during the surveys were appropriately referred, while those with active trachoma (TF and/or trachomatous inflammation -- intense, TI, in either eye) were offered two tubes of 1% tetracycline eye ointment each.

Survey teams {#S0002-S2003}
------------

The survey teams comprised graders and recorders who were trained and certified according to GTMP protocols (version 1).^[11](#CIT0011)^ Training was conducted over 4 days, with the first 2 days focused on training and selecting graders. Graders who achieved a minimum kappa rating for TF of 0.7 against a GTMP-certified grader trainer were selected for the survey. Ophthalmologists provided supervision to the teams, giving feedback and crosschecking in-service diagnostic accuracy.

Sampling design {#S0002-S2004}
---------------

Study subjects were selected using a 3-stage sampling approach. In the first stage, we systematically selected 25 clusters, using probability proportional to size sampling, from the list of towns and villages in each LGA. Each cluster was then sub-divided into the lowest administrative unit (ward) and one unit was selected using simple random sampling. In each unit, we selected 25 households. Despite its epidemiological drawbacks, the random walk method was used to select households within wards, as the security situation was tenuous, and we felt that locally familiar field methods would place survey teams at less risk of generating unmerited suspicion than ones that would be novel to included communities.^[12](#CIT0012)--[14](#CIT0014)^ All residents of selected households who were aged 1 year and older and had lived in the area for at least the previous 6 months were enumerated, and invited to participate.

Data collection {#S0002-S2005}
---------------

Consent to proceed was obtained by the survey team from the head of household or his/her representative, who also provided information on water and sanitation access for the household. Global positioning system (GPS) coordinates for the household's location were then recorded. Trachoma grading was undertaken according to the WHO simplified grading scheme,^[10](#CIT0010)^ using ×2.5 magnifying loupes under sunlight illumination. Hands were cleaned with an alcohol-based hand gel between the examination of successive subjects.

Data management {#S0002-S2006}
---------------

All collected data were directly entered into the LINKS app on Android smartphones and uploaded to a cloud-based server. The GTMP Data Manager cleaned and analyzed the data, as described elsewhere.^[11](#CIT0011)^ The proportion of 1--9-year-old children seen to have TF in each cluster was adjusted for age in 1-year age bands, and the proportion of ≥15-year-olds seen to have trichiasis in each cluster was adjusted for age and sex in 5-year age bands, with the Kaduna population pyramid from the 2006 census used as the reference. The adjusted prevalences of TF, TI and trichiasis for each LGA were the arithmetic means of the adjusted cluster level proportions of each sign.

Results {#S0003}
=======

Study sample {#S0003-S2001}
------------

A total of 33,884 children aged 1--9 years were enumerated, of whom 32,882 (97.0%) were examined, and 43,127 adults aged 15+ years were enumerated, of whom 38,824 (90.0%) were examined, in the 23 LGAs combined. The number of children examined per LGA ranged from 1044 to 1991, while the number of adults examined ranged from 1076 to 2524 per LGA. Sabon Gari LGA had the highest absentee rate (19.8%) among children, while the refusal rate among children was highest in Kaduna North (6.4%; [Table 1](#T0001)).Table 1.Local government area-level prevalences of trachomatous inflammation -- follicular (TF) and trichiasis in Kaduna State, Nigeria, Global Trachoma Mapping Project, 2013.Local Government AreaSample examined nRefused nAbsent nTrachoma prevalence %\
(95% CI)Children (1-9 yrs)Adults (15+ yrs)Children (1-9 yrs)Adults (15+ yrs)Children (1-9 yrs)Adults (15+ yrs)TF (1-9 yrs)Trichiasis (15+ yrs)Birnin Gwari1222122500120.1 (0.0-0.2)0.40 (0.14-0.65)Chikun840100741913212.7 (1.0-4.8)0.03 (03.0-0.10)Giwa15001308119522131.7 (1.0-2.6)0.35 (0.15-0.61)Igabi1444137942321768.1 (5.7-10.9)0.34 (0.16-0.59)Ikara116980379232861.7 (1.1-2.3)0.20 (0.04-0.43)Jaba9821302134390.5 (0.3-0.9)0.08 (0.00-0.23)Jema'a1219188211810161.0 (0.5-1.8)0.00Kachia1059116614122301.4 (0.9-1.9)0.16 (0.04-0.33)Kaduna North82716196087171170.6 (0.2-1.1)0.07 (0.02-0.14)Kaduna South11269182036370.0 (0.0-0.1)0.08 (0.0-0.18)Kagarko1353114815282.0 (1.2-2.9)0.38 (0.11-0.75)Kajuru916118491251202.1 (0.9-3.8)0.11 (0.02-0.26)Kaura110814604261402.0 (1.2-3.1)0.09 (0.00-0.20)Kauru87013783731603344.9 (3.1-7.3)0.50 (0.23-0.79)Kubau10141168532521431.0 (0.3-2.0)0.41 (0.22-0.60)Kudan15311282214950932.4 (1.7-3.2)0.32 (0.06-0.56)Lere7991118104281.4 (0.5-2.1)0.78 (0.40-1.24)Makarfi1070136223201041.1 (0.3-2.3)0.33 (0.14-0.55)Sabon Gari79411772362031960.5 (0.0-1.3)0.09 (0.03-0.17)Sanga9781279445682.2 (1.3-3.1)0.09 (0.01-0.20)Soba121910623845970.2 (0.0-0.4)0.23 (0.02-0.41)Zangon Kataf107012803071322.9 (2.0-3.9)0.03 (0.00-0.08)Zaria89819404461260.0 (0.0-0.4)0.08 (0.01-0.14)[^3]

Prevalence of trachoma {#S0003-S2002}
----------------------

The prevalence of TF in children aged 1--9 years ranged from 0.0% (95% confidence interval, CI, 0.0--0.1%) in Kaduna South LGA to 8.1% (95% CI 5.7--10.9%) in Igabi LGA; in this age group, the prevalence of TI ranged from 0.0% in nine LGAs to 1.1% (95% CI 0.4--1.9%) in Makarfi LGA. The prevalence of trichiasis in those aged 15+ years ranged from 0.0% in Jema'a LGA to 0.8% (95% CI 0.4--1.2%) in Lere LGA ([Table 1](#T0001)). [Figure 1](#F0001) shows the LGAs surveyed, and [Figure 2](#F0002) shows TF prevalences and [Figure 3](#F0003) shows trichiasis prevalences for each LGA.Figure 1.Local government areas surveyed in Kaduna State, Nigeria, Global Trachoma Mapping Project, 2013. Figure 2.Prevalence of trachomatous inflammation -- follicular (TF) in 1--9-year-old children by local government area in Kaduna State, Nigeria, Global Trachoma Mapping Project, 2013. Figure 3.Prevalence of trichiasis in adults aged 15+ years by local government area in Kaduna State, Nigeria, Global Trachoma Mapping Project, 2013.

Water and sanitation coverage {#S0003-S2003}
-----------------------------

The proportion of households with access to an improved water source ranged from 9% in Kudan to 96% in Jema'a LGA ([Table 2](#T0002)). Access to water inside the compound or within 1 km of the house was lowest in Zangon Kataf (53%) and universal in Giwa (100%). Household-level latrine access ranged from 5% in Giwa to 100% in Kudan and Soba ([Table 2](#T0002)).Table 2.Household access to water and sanitation facilities in Kaduna State, Nigeria, Global Trachoma Mapping Project, 2013.Local Government AreaHouseholds enumerated, *n*Proportion of households, %With access toimproved water sourceWith water sourcewithin yard/1 kmWith access to improvedsanitation facilitiesBirnin Gwari612457896Chikun632619543Giwa614501005Igabi62426998Ikara613799619Jaba623678744Jema'a623967983Kachia616568624Kaduna North615848699Kaduna South613859495Kagarko622419320Kajuru607648941Kaura613808282Kauru625279226Kubau623289954Kudan61699699Lere600669847Makarfi624599531Sabon Gari626649949Sanga619688016Soba624179799Zangon Kataf61348538Zaria873569990

Trachoma elimination targets {#S0003-S2004}
----------------------------

All LGAs except Igabi recorded TF prevalences \<5%. The majority of LGAs had prevalences of trichiasis below the elimination threshold, with ten LGAs needing to carry out more trichiasis surgeries to reach the elimination target of \<1 case of unmanaged trichiasis per 1000 total population (0.1%), equivalent to a prevalence of 0.2% in adults aged 15+ years.^[15](#CIT0015)^

Related targets {#S0003-S2005}
---------------

Our water, sanitation and hygiene (WASH) data show that United Nations sustainable development goal 6 ("Ensure access to water and sanitation for all")^[16](#CIT0016)^ will require considerable work in most LGAs of Kaduna ([Table 3](#T0003)). Providing universal access to water and sanitation will help to prevent future recrudescence of trachoma in this population and contribute to the control and elimination of other neglected tropical diseases, as noted in a recent WHO Global Strategy document.^[17](#CIT0017)^ Table 3.Activities needed for trachoma elimination as a public health problem and achievement of United Nations sustainable development goal 6 in Kaduna State, Nigeria, as of 2013.Local Government Area2006 population, *n*Households, *n* (2006 census)^[8](#CIT0008)^Households in need of improved water sources, *n*Households in need of latrines, *n*Trichiasis surgeries to achieve elimination target (\<0.2%), *n*Need for mass antibiotic treatment to clear ocular *Chlamydia trachomatis* infectionBirnin Gwari258,58144,64324,5541786290IndividualizedChikun372,27276,28929,93643,6980IndividualizedGiwa292,38449,55224,53346,891246IndividualizedIgabi430,75377,24356,94470,809338Mass treatment (single round before re-survey), or re-survey at finer levelIkara194,72334,017726927,4140IndividualizedJaba155,97329,472960216,5570IndividualizedJema'a278,20251,839191385690IndividualizedKachia252,56847,11620,50035,7190IndividualizedKaduna North364,57571,28311,5918130IndividualizedKaduna South402,73181,69312,52439950IndividualizedKagarko239,05843,30625,62034,671241IndividualizedKajuru109,81019,183698511,3450IndividualizedKaura174,62633,008673060830IndividualizedKauru221,27638,38227,94228,372372IndividualizedKubau280,70450,60636,47223,233330IndividualizedKudan138,95624,40622,1073993IndividualizedLere339,74057,96219,89830,5291103IndividualizedMakarfi146,57426,78510,85918,543107IndividualizedSabon Gari291,35852,97718,95527,2510IndividualizedSanga151,48527,302873422,8460IndividualizedSoba291,17350,48341,6648149IndividualizedZangon Kataf318,99159,64630,84354,8800IndividualizedZaria406,99068,78130,01667750Individualized

Discussion {#S0004}
==========

The results of this study suggests that active trachoma is not of public health significance in most LGAs of Kaduna State, except Igabi, which could benefit from implementation of the SAFE strategy (surgery, antibiotics, facial cleanliness and environmental improvement), including a single round of mass azithromycin treatment, and implementation of the F and E components before re-survey.^[18](#CIT0018)^ Alternatively, given Igabi's relatively large population, consideration could be given to undertaking further surveys at a more granular level, to determine whether there is really a need for interventions throughout the entire LGA. This LGA has a densely populated urban slum that may explain the higher TF prevalence than seen in other LGAs of Kaduna State.

The prevalence of TI was low in all LGAs. The generally low level of trachoma endemicity in Kaduna State may be partly due to ongoing provision of a comprehensive eye care program for more than two decades and the social development efforts that have happened over the same period. Our findings contrast with reports from neighboring Katsina,^[12](#CIT0012),[19](#CIT0019)^ Kano,^[13](#CIT0013)^ Kebbi and Sokoto^[20](#CIT0020)^ States, and also from the Republic of Niger further to the north,^[21](#CIT0021)^ where many surveyed evaluation units have recorded TF prevalences higher than 10% and trachomatous trichiasis prevalences higher than 1%.

Trichiasis, the blinding stage of trachoma, was below the elimination threshold (0.2% prevalence in adults) in most LGAs. However, ten of the 23 LGAs may need to undertake more trichiasis surgeries to reach the elimination threshold. The low precision of the trichiasis estimates generated needs to be taken into account when interpreting these data, as previously acknowledged.^[11](#CIT0011)^ Stakeholders should prioritize these ten LGAs by engaging already-available human resources to offer active trichiasis case finding and community-based surgeries. Eyelid surgery services will need to be continuously available even after elimination end points have been reached, as new cases are likely to continue to develop.

The United Nations Millennium Development Goal target 7C was to halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation.^[22](#CIT0022)^ The results of this study provide a snapshot of the 2013 situation in Kaduna. A total of 12 of the 23 LGAs in Kaduna State had \<60% of households with access to improved water sources and 15 of 23 LGAs lacked 60% household-level access to improved sanitation. This situation calls for all stakeholders to redouble current efforts at improving access to water and sanitation, if the targets enshrined in the Sustainable Development Goals are to be achieved by 2030.^[23](#CIT0023)^ We note that in this set of surveys, Igabi, which had the highest TF prevalence, had the second-lowest household-level access to improved sanitation. Even if not necessarily causal, both active trachoma and lack of access to sanitation are markers of deprivation, and prioritizing WASH sector actions to populations with higher trachoma prevalences would go some way towards putting the most vulnerable people first.^[17](#CIT0017)^

Our data have some limitations. First, a number of LGAs ([Table 2](#T0002)) had total populations that exceeded the 250,000 recommended as the upper limit for "districts" in trachoma surveys; it is possible that small foci of disease were missed by chance. Second, the response rate in some LGAs such as Ikara, where only 803 of 1181 resident adults aged 15+ years (68%) were examined, may have introduced bias in the prevalence estimates. In general, however, the response was excellent; examination rates for resident 1--9-year-olds, for example, ranged from 79--100%, with the majority exceeding 90% ([Table 1](#T0001)). Third, the random-walk method has been justifiably criticized for potentially permitting biased household selection;^[24](#CIT0024)--[26](#CIT0026)^ unfortunately, we felt that security considerations here outweighed epidemiological ones. Fourth, because trichiasis is a rare condition, the CIs for estimates of its prevalence are relatively wide.^[11](#CIT0011)^ Finally, we did not record the presence or absence of trachomatous conjunctival scarring in eyes that had trichiasis; the recognition that this might be critical for distinguishing trachomatous from non-trachomatous trichiasis did not emerge until 2015,^[27](#CIT0027)^ after these surveys were completed.

These surveys show that Kaduna State has relatively hypoendemic trachoma. To reach the trachoma elimination threshold (trichiasis prevalences \<0.2% in adults aged 15+ years and TF prevalences \<5% in 1--9-year-olds), provision of community-based trichiasis surgery for 11 LGAs, and implementation of the A, F and E components of the SAFE strategy in one LGA will be needed. Our data also demonstrate a particular need for attention towards improving access to appropriate water and sanitation facilities for the local population.
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[^1]: See [Appendix](#app0001)

[^2]: Color versions of one or more of the figures in the article can be found online at [www.tandfonline.com/iope](http://www.tandfonline.com/iope).

[^3]: Prevalences of trichiasis are displayed to two decimal places in order to provide clarity on whether or not the best estimate of prevalence was above or below the elimination threshold of 0.2% in adults ≥ 15 years.

    CI, confidence interval.
